(a) Introduction.-Davisson and Germerl have recently published their very interesting results on reflection of electrons from a single crystal of nickel. These results have been interpreted by analogy with the reflection of X-rays from crystals. This analogy, however, is not complete. The purpose of this short note is to point out the differences between the two phenomena. For the mathematical treatment use is made of the recent development of quantum mechanics (wave mechanics).
It is easy to see that a very important difference between the scattering of X-rays, as compared with the analogous phenomena for electrons, lies in the following fact. The scattering of slow electrons (of the order of 100 volt) is, crudely expressed, much more intense than that of X-rays.
Indeed, one layer of atoms on the surface of a crystal may already deflect so considerable a part of an impinging beam of electrons that the effect can easily be observed. For ordinary X-ray scattering the effect produced by one layer is negligible and does not give an observable interference pattern. Only the cooperation of a large number of layers produces interference under the proper circumstances (Laue spots, Bragg reflection). We thus have the following difference. The interference pattern for Xrays is due to the action of a great number of lattice planes of a crystal, because of the small scattering coefficient of one layer. For the electrons, on the other hand, we have to expect that the action of a few layers on the surface of the crystal already produces the whole effect. This is due to the high scattering coefficient of one lattice plane. From this point of view the pattern obtained by Davisson and Germer has been explained by Dr. Eckart.2 There is also hope to provide in this way a reason for the hypothetical contraction of the lattice which Davisson and Germer have to introduce in order to establish the Bragg reflection law for their results.
In the following lines a derivation is given for the diffraction of an electron beam by a single lattice plane. A pattern is obtained similar to that for the reflection of light by a ruled crossed grating. The resolving power for a finite lattice is calculated. Finally it is shown that the reflecting power of a single plane is so large that it is not permissible to treat this case by analogy with X-rays. The interference pattern cannot be computed by assuming that the rays penetrate a great number of layers. On the contrary the whole phenomenon is produced by a few layers on the surface only.
The method which we apply is that given by M. Bornm in a paper on periodic phenomena treated from the standpoint of wave mechanics. For its justification we refer to this paper.
The 
The integral is to be taken over all space. The different function 4i satisfy these equations the maxima will still be in the same places. But they will not be of infinite intensity. They also will be spread out over the whole range of angles. The intensity falls off rapidly with At = t -m I increasing.
The value for At at which the intensity is diminished by a factor e'I is readily obtained by the condition
Now in the actual experimental arrangement we have to put , = 100 cm. - The desired ratio between the impinging and the scattered intensity is, therefore, 87r5m2A2 ak2h4 VoL. 13, 1927 Substituting the expression for k2 we obtain -,I 3mA=
The numerical value will be computed on the assumption that our single layer has a thickness of approximately 2 X 10-8 cm. This corresponds approximately to a = 0.25 X 10l cm.-2. As mentioned we identify A with a potential energy corresponding to the work function (so = 5 volts). The energy E of the impinging electrons may correspond to 100 volts. With these data we have approximately A = esp = 8.10-12 ergs Il/Io = 0.11. The scattering will be increased still considerably by the effect of the higher harmonics in V(x, y, z). From this estimate it follows, then, that only a few layers of atoms on the surface of the crystal produce the diffraction phenomenon discovered by Davisson and Germer. The exact numerical value obtained for I1/I2 cannot be taken too seriously. Its magnitude indicates indeed that the approximation method applied is no longer rigorous enough for the potential energies in consideration. The order of magnitude, however, will not be affected by a more adequate calculation. The opacity of the crystal then seems to be established both from the experimental and the theoretical point of view. The crystal behaves in relation to electrons as a dispersive medium (with complex index of refraction) does in respect to light. The change of wave-length at the boundary of the crystal cannot be neglected. This is possibly the reason for the necessity of the contraction factor introduced by Davisson and Germer in order to establish Bragg's reflection law. An adequate theory fok this contraction factOr might be given by studying the effect of a thin sheet of a crystal on the impinging beam. It is easy to see that the first approximation of our theory would yield Bragg's law without a contraction factor. This factor only might be obtained by taking into account the second approximation or by solving the Schrodinger equation rigorously.
The experiments yield three anomalous maxima of reflection which do not seem to have any relation to the crystal structure. They are indeed independent of the azimuth. This suggests that they might be due to some adsorbed gas molecules, oxygen In previous reports on the first long period of the periodic table we have shown how beautifully the regular and irregular doublet laws are found to hold not only for iso-electronic systems containing one2 valence electron but also those containing two3" and three3b valence electrons. It has also been shown that the addition of 0, 1, 2 and 3 3d electrons to the oneelectron systems of K, Ca, Sc and Ti, respectively, cause not only a change in the multiplicity of the resultant terms but also a shift in radiated lines toward the longer wave-lengths. This regular displacement law of multiplets, as well as the irregular doublet law, has enabled us to locate approximately the position in the spectrum of certain characteristic multiplets of Cr III and Mn III, which multiplets arise from the electron transitions, 3d34p to 3d34s and 3d44p to 3d44s, respectively. The data for these two multiplets are given in table 1. The regular doublet law in conjunction with Land6's interval rule was most effective in determining approximately the frequency differences between the terms of 5F'1,2,3,4,5 (3d34s) and those of 5G'2,3,4,5,6 (3d34p) for Cr III as well as between the terms of 6Dl,2,3,4,5(3d44s) and those of 6F1,2,3,4,5,6(3d44p) for Mn III. These frequency intervals are so regular for both the initial and final states that the strong lines of each multiplet, i.e., the diagonal lines in table 1, were easily picked out before the lines were definitely identified by exact measurements.
Sufficient data is now available for elements in the first long period so that it is possible to extend the regular displacement law of multiplets, the nature of which has already been pointed out,3b through successivelv increasing iso-electronic systems as far as those of the Cu I, Zn II, etc., type. The wave-numbers given in table 2 and shown graphically in figure 1 were chosen in the following way. For the one-electron systems in the first column we have selected the strongest line of the principal doublet VOiL. 13, 1927 
